
Tractor-Trailer Bumper Design Team
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Tractor-Trailer Design Team

Goal is to prevent underride in all overlapping 

scenarios

Reduce fatality rate among impacts
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Specifications and Requirements
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Detailed Design - 100% Overlap Protection

● Wabash performed best in P3 testing

○ Highest resisting force 

○ Highest energy absorption before failure
● Center supports modeled after the Wabash 

Bumper

● Small deflection with high strength 

members to allow car to absorb most of 

impact energy
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Detailed Design - 30 & 50% Overlap Protection

● Added vertical members to account for 30% 

& 50% overlap impacts

● Included Sine Beams to offer energy 

absorption to limit the redirection energy

○ Wanted to avoid “brick wall” approach 

for small overlap impacts

https://www.youtube.com/watch?v=oS7Nw_pV0K

0
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https://www.youtube.com/watch?v=oS7Nw_pV0K0


Detailed Design - Side Impact Protection

● Noticed rear impact was the only direction 

being protected

● Added a side, horizontal member with 

another vertical member to protect against 

off axis or side impact collisions

● Sheet metal gusset on these vertical 

members to provide structural integrity
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Analysis Performed Based on Test Data
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Analytical Methods: Constraint Analysis and Comparison
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Horizontal Beam Analysis

Wall thickness of ¼” show 

the least amount of 

displacement in P1, P2, and 

P3 locations.

We chose a different wall 

thickness due to the weight 

and cost of the material.
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Why We Wanted a Sine Beam
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Test Plan

Acceptance Criteria

Requirement Criteria to be Tested Threshold Value Target Value
Test Plan

Payload shall not be affected Weight 100 kg 40 kg
Weigh Bumper on Scale

Part shall not interfere with trailer axle 

functionality

Mobility <10 cm 0 cm
Measure interference on 

Wabash Trailer

Strain Stress and Strain 

Concentration

.007 .004
Strain gages on beam then 

apply load

Loading ability shall not be impeded Gap Between Trailer and 

Loading Dock

5 cm 0
Measure Rear Protrusion of 

Bumper Past Trailer Bump 

Stops, if any

Part shall crush as designed/intended Damping/

Deceleration Zone

40% 70%
Crush Test on Sine Beam to 

Find Crush Efficiency
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To Test the Strain We Will use an Instron Machine
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Schedule to Finish Semester

Main points for the rest of the 

semester are:

● Testing of Product

● Final Report

● Poster Session

● Underride Roundtable 

with IIHS in 

Charlottesville, VA

● Quad Charts 
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Budget and Finances

To account for rest of fees the ME 

Department has donated leftover senior 

design funds to our group to pay $1500 for 

the Sine Beam Tooling Cost.

The manufacturers of the Sine Beam predict 

that our idea will help shape the industry 

and graciously agreed to pay for the other 

half of the cost for tooling. 

We are continuing fundraising opportunities 

to payback the Senior Design Department
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Summary

In Conclusion:

● Tasked with designing a bumper to prevent underride in all overlap conditions

● Addressed not only rear but also side impact underride issues

● Test plan created to examine the remaining requirements

● Completed tractor trailer bumper manufactured and presented here today
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